GENERAL SUMMARY
There were 13 tropical storms in 1955, ( fig. 9) , of which 10 attained hurricane force, a number known to have been exceeded only once before when 11 hurricanes were recorded in 1950. This compares with a normal of about 9.2 tropical storms and 5 of hurricane intensity. In contrast to 1954, no hurricanes crossed the coastline north of Cape Hatteras and no hurricane winds were reported north of that point. No tropical storm of hurricane intensity affected any portion of the United States coastline along the Gulf of Mexico or in Florida for the second consecutive year. Only one hurricane has affected Florida since 1950 and it was of little consequence. However, similar hurricane-free periods have occurred before.
Namias and C. Dunn [1] have advanced a hypothesis for the above-normal frequency of hurricanes in 1955:
. . . planetary wave forms over the North Atlantic evolved in a manner which the authors have come to associate with tropical storm formation. Thus in late July the ridge of the Azores upper level anticylcone thrust strongly northeastward into Europe, thereby introducing a northeasterly flow which, through vorticity flux, led to an anomalously sharp and deep trough extending along the Spanish and African coasts. It was probably at the base of this trough that Connie developed-its formation encouraged by the injection of cyclonic vorticity from the north and by associated vertical destabilization processes as discussed in an earlier report [2J. If this hypothesis is correct, the frequency of tropical storms of the Cape Verde type may well depend upon the degree of development or suppression of the protruding Azores ridge to the nortb.
It is interesting to note that Garriott [3] almost 50 years ago, with no upper air data, gave a strikingly similar explanation :
Tropical storm development was exceptionally active in American waters during September 1906. I n seeking the causes of this activity, we find an apparent contributory condition in the distribution of atmospheric pressure over the region of observation. In the West Indies and adjacent waters barometric pressure was unusually low, while in the more northern latitudes of the Atlantic, and more especially from the Azores over the British Isles, the barometer averaged above normal, and after the 17th was remarkably high. This arrangement of air pressure overlying the Atlantic naturally produced an unusually strong flow of air from the more northern latitudes toward the Tropics, and in this accelerated movement of air currents is found a recognized associated cause of tropical storm development.
The 1955 hurricanes showed a preferred area of development to the east of the Antilles and to some extent a grouping i,n their paths. The three hurricanes entering the United States all crossed the North Carolina coast within a 6-week period and three more crossed the Mexican coast within 150 miles of Tampico within a period of 25 days.
The hurricane season of 1955 was the most disastrous in history and for the second consecutive year broke all previous records for damage. Hurricane Diane was undoubtedly the greatest natural catastrophe in the history of the United States and earned the unenviable distinction of "the first billion dollar hurricane". While the Weather Bureau has conservatively estimated the direct damage from Diane a t between $700,000,000 and $800,000,000, indirect losses of wages, business earnings, etc., would bring the total over one billion dollars. The total loss of life and damage from Atlantic hurricanes in 1955 is est'imated by the Weather Bureau at 1,518 or more killed and $1,053,410,000 damage of which 218 fatalities and $889,310,000 occurred in the United States. The figures for total damage are admittedly incomplete. The latest United Press tabulation of damage at time of preparation of this article was $1,680,200,000 in the United States and $401,200,000 outside the United States, which adds up to a staggering total in excess of two billion dollars. The number of 1,518 or more killed in and outside the United States is the greatest since 1942 when the Weather Bureau began recording this datum.
INDIVIDUAL HURRICANES
The individual hurricanes of 1955 are sumarized briefly and Connie, Diane, and Janet are discussed in some detail. For additional data, readers are referred to Climatological Data, National Summary, Annual 1955 (not yet released).
Alice, December SO-January 6. Columbus described several of the minter storms encountered by him on his journeys to the New World as "hurricanes". Brooks [4] , however, has found they were probably normal winter storms.
Occasional winter hurricanes do occur in the Pacific Ocean and tropical Lows are more rarely observed in the Atlantic, but it is most unusual for one of the latter to reach full hurricane intensity during the winter season. Possibly this may be another consequence of the general warming observed during the past several decades.
There was no loss of life from Alice and damage is estimated at around $100,000. The rainfall was beneficial in Puerto Rico where it alleviated a dry period which had persisted since the middle of the previous October.
Brenda, July 31-August %' . -Tropical storm Brenda formed in the north-central Gulf of Mexico on July 31 and crossed the coastline east of New Orleans on the afternoon of August 1. It was attended by rains of 4 inches or more from Pensacola westward to Lake Charles, and by winds of 50 m. p. h. a t Shell Beach on the south side of Lake Borgne where the tide rose to 5 to 6 feet above normal. Two lives were lost in the Mobile area but total damage was small.
Connie, August S-l3.-Hurricane Connie set the stage for one of the most disastrous and costly floods of record in the northeastern States.
The hurricane's slow movement on the loth, llth, and 12th resulted in heavy rainfall from North Carolina northward across the northeastern States to the interior of New England. The rains did not let up until the dying remnants of the hurricane had moved into the Great Lakes region on the 14th. The rainfall a.mounted to 2 to 8 inches in eastern North Carolina and ranged upward to 10 to 12 inches from the Chesapeake Bay area to extreme southern New York. Macon, N, C., near the point where the hurricane crossed the coastline. However, it has not been established whether this was a measured or an estimated speed.
Tornadic activity was reported in the Carolinas during the afternoon and evening of August 10, while the hurricane was about due east of the Georgia coast, and before the winds had increased to strong along the Carolina coasts. One tornado occurred in North Carolina a t Penderlea in northern Pender County and five others were reported in South Carolina from Georgetown northward. These tornadoes were reported as moving from east to west.
Beach erosion on the North Carolina coast was considerable, 8s tides rose to as much as 7 fect above normal from Southport to Nags Head, and to 5 to 8 feet above normal in the sounds at the mouths of the rivers. Total damage in North Carolina was estimated a t $40 million, of which about three-fourths was crop damage. The hurricane caused no deaths or serious injuries in North Carolina.
The slow and somewhat meandering course of Connie and the loss of intensity while off the south Atlantic coast for a 48-to 72-hour period from late on the 8th to early on the 1 lth were the principal forecast problems during the life of the storm. Synoptically, on August 8, a strong (1027 mb.) surface high pressure system was located over the eastern Atlantic with a ridge extending to the middle Atlantic coast. At the 500-mb. level the picture was rather similar, with the ridge aloft along the Atlantic coast tending to move slowly northward with time. Several rather weak polar troughs moved eastward over northern latitudes with little effect in the latitude of and the area immediately to the north of the hurricane. The situation in the sub-Tropics was more complicated in the MONTHLY TVEXTHER REVIEW DECEMBEB 1955 middle and upper troposphere. A cold Low extended down below the 500-mb. surface and at the 500-mb. level moved from a position off the Georgia coast on the 6th southwestward into the central Gulf of Mexico by the 8th. Heights of the 500-mb. surface continued to build to the northeast of the dying hurricane as it progressed into the Middle Atlantic States and eventually into Michigan where it filled. Apparently during the period of slow movement, the average gradients on all sides of Connie were well balanced but tended to become progressively a little stronger on the east side and no polar trough extended sufficiently far south to materially disturb this balance.
Hurricane Diane was forming during this period and developing hurricane intensity.
However, since Connie was larger and more intense, the "Fujiwhara effect" on it was slight, but what there was would exert some equatorward pull.
Soundings made in and near the hurricane eye showed the existence of a cold Low above Connie on the 6th [1] as prevailing from June through August was quite apparent at the time Diane was first detected. The Atlantic High, centered north of the Azores when Connie was in the formative stages, settled southwestward about 1000 miles during the next several days. I t subsequently weakened as a minor trough passed to the north, was reinforced by t,he following High, and on August 10th was centered just east of Nova Scotia with the centra1 pressure about 1028 mb.
There were some indications of a weak easterly wave earlier but the first conclusive evidence of the disturbance that was to become Diane was observed on August 10. Analysis that morning indicated a cyclonic circulation northeast of the Leeward Islands and at 1930 EST ships some 400 to 500 miles from the northernmost islands reported heavy showers and east to southeast winds of 35 to 45 m. p. h. At this time hurricane Connie was about 1200 miles to the west-northwest, just off the Georgia-South Carolina coast. On August 11 the first aircraft reconnaissance of Diane found the lowest pressure to be 1004 mb. (29.65 inches) with maximum winds 46 m. p. h., representing little or no wind increase from that shown by the ship observations 24 hours earlier.
Clouds and rain extended in all directions from the pressure center with no variation of weather in the various quadrants. This early stage of growth was typical in the poorly defined eye and lack of organization.
During the night the storm curved abruptly from a northwest course and began moving toward the northeast, at the same time undergoing rrtpid intensification. The MS Coourg, just west of the center on a parallel course to the northeast during part of the night, turned southward and eastward in evasive maneuvers early on the morning of the 12th. The intensificat'ion was so rapid that even though the ship was southeast of the center and the distance between it and the hurricane was increasing, the barometer continued to drop and the wind to increase, leading the crew to believe that the storm was looping back in their direction. The reconnaissance plane on the 12th reported that winds had increased to 125 m. p. h. and the central pressure was found to be 975 mb. (28.79 inches). The eye by this time was well defined and 30 miles in diameter. I t was described by the observer as resembling an inverted teacup. The weather distribution had become more typical with the northeast quadrant showing more activity than the others. An interesting feature of the reconnaissance was a secondary pressure minimum, at first thought to be the primipal center, located 62 miles northeast of the primary eye.
In view of the rapid growth, sudden change in direction, and multiple eye structure, it is interesting to speculate as to what extent fact,ors other than strictly steering currents were involved in the storm's course at this stage.
Possibly a process in which more rapid deepening wm favored to the northeast of the storm than in other quadrants was partially responsible for the movement. It is likely that the original easterly wave began deepening as it moved under a cold Low (with super-imposed warm air at still higher levels) and that this condition provided added insta.bility for growth and imposed the cyclonic flow of the large scale cold Low on the movement of the smaller warm vortex. Diane followed this cyclonic path (see fig.  9 , August 11-13), until August 13 when it became re-established on a more normal west-nortbwestward course. By this time the developing storm had caused warming through a deep layer, resulting in a weakening of the cold Low and its influence on the hurricane's movement. The possibility of some influence from the "Fujiwhara effect", or tendency for cyclonic rotation of cyclone pairs about a point representing the center of mass, should also be considered here. Diane's erratic movement was at least in general agreement with this effect. A more normal path was resumed when Connie weakened and moved farther north. Once back on the west-north- A considerable number of dropsondes were taken during the life history of Diane, providing an excellent opportunity to observe changes in its thermal structure. (See fig. 4 .) The first of these was taken on August 11 when development had only begun with maximum winds of 46 m. p. h. and minimum pressure 1004 mb. Some 24 hours lat'er when winds had increased to 125 m. p. h. and minimum pressure had dropped to 975 mb., a dropsonde from 700 mb. showed a 24-hour temperature rise of 3' to 6' C. between that level and the surface. At this time another dropsonde 140 miles northwest of the center ( fig. 5) showed temperatures up to 700 mb. to be within about 1' C. of the mean for a large number of soundings at that distance from the center of mature hurricanes (Jordan and Jordan [5] ). The asymmetry evidenced in the pressure field by the multiple eyes was also apparent in the temperatures. Comparison of the sounding in t,he primary eye with one taken in the secondary center 62 miles to the northeast, showed the primary eye to be warmer by as muc.h as 3' to 5' below 800 mb. but 1' colder at 700 mb., indicating greater instability in the dominant eye.
The lowest pressure measured in the storm was 969 mb. (28.62 inches) by dropsonde on August 13. Maximum winds were not measured on that date but 125 m. p. h. w-as reported on both the 12th and 14th. After the 13th a tendency for slight filling began and, coincidental with this, there was a gradual cooling of the layer below about 750 mb. This cooling amounted to about 2' C. by t'he 15th and ranged up to as much as 4' lower at 900 mb. on the 16th when compared with temperatures when the storm was at peak intensity (see fig. 4 ). On the 15th, the eye was reported as poorly defined and completely filled with clouds. Maximum winds were down to 86 m. p. h. on the 16th. When the center passed very close to Wilmington on the morning of the 17th, the highest sustained wind reported from any weather station was 50 m. p. b. at Hatteras, with gusts of 74 m. p. h. at Wilmington. It is estimated that winds of just about hurricane intensity were experienced at a few exposed points on the coast between Cape Hatteras and Cape Fear.
While some damage resulted from the storm tide and wave action along the coast, it was not extensive. The tide near Wilmington was reported as 6 to 8 feet above mean low water. Normal range between low and high tide is 3 to 4 feet in this area. No large departures from normal were reported elsewhere. As Diane moved inland and continued northward, the damage figures began to mount. Damage has been estimated at $754,706,000 of which $600,000,000 occurred in New England. These figures are admittedly incomplete and direct plus indirect damage would indicate that Diane earned the appelation of "the first billion dollar hurricane." Approximately 200 persons lost their lives, all from Diane's floods.
The sections worst hit were Pennsylvania, Massachusetts, Rhode Island, Connecticut, and southeastern New York, although there was some serious flooding from North Carolina northward. Much of the loss of life was due to the fact that relatively small river basins in the northeastern States rose quickly when they received the outpour from the mountain streams and began flooding the valleys within a few hours. The torrential rains broke all existing records in many places. At Windsor Locks, Conn., 12.05 inches fell between 10 a.m., August 18 and 9 a.m., August 19. The previous record at Hartford, extending back 90 years, showed a 24-hour maximum of only 6.2 inches. A study of the heavy rainfall has been made by Mook [6] , who showed by streamline analysis the advection of moisture-laden air into the area.
Edith, August ,%$--$l .-Hurricane Edith formed on August 24 in an easterly wave and moved on a smooth parabolic curve passing well to the east of Bermuda on the 29th. was reported with maximum winds of 125 m. p. h. By the time the hurricane reached the North Carolina coastline on the 19th, the central pressure had filled to about 28.35 inches and the maximum winds had decreased slightly. Ione was the third hurricane to pass through eastern North Carolina within six weeks and the fourth within eleven months. Not within the known meteorological history of this section have so many hurricanes affected the area within so short a period. Total storm damage, mostly to crops in eastern North Carolina, is estimated a t $88,035,000. There were 7 fatalities directly or indirectly attributable to the hurricane. The lack of any deaths from Connie and Diane in North Carolina and only 7 in Ione and the comparatively sma.11 property damage, excluding crop damage, in this area, is a tribute to the effectiveness of the warnings and precautionary measures taken by governmental and private agencies such as the Red Cross. After crossing the coastline, Ione recurved to the northeast passing out to sea south of Norfolk, Va.
Janef, September bl-b9.-Most of the easterly waves in which hurricanes developed during the months of August and September could be traced back to the Cape Verde Islands. However, at about the time the easterly wave in which Janet eventually formed should have passed through the Cape Verdes, receipt of reports from this area was so irregular that no early history of the wave is available. Early on the 21st, pilot reports from the airlines On the 25th the eye was located at 1400 EST at Latitude 14.3' N. and Longitude 74.2' W. with a maximum wind of 98 m. p. h., central pressure 987.7 mb. (29.17 inches). The eye was described as well de6ned but there was evidence it was very changeable-hoop-shaped on one occasion, a figure "6" on another. One obtains the impression of a slowly but definitely intensifying storm. The reconnaissance flight on the night of September 25-26 summarizes its observations as follows:
Eye completely closed circle after 9:15 p. m., average diameter 22 miles, storm presented symmetrical pattern of intense weather bands which.extended 120 miles south, 140 east, 130 north, and 170 west, high overcast throughout area, low scattered to broken stratocu with tops near 6000, thunderstorms generally oriented in spiral bands throughout area, frequent lightning.
Rapid intensification was evident.
At 0830 EST of the 26th, Lt. Comdr. Windham with crew of 8 and 2 newspapermen reported in Latitude 15.4' N. and Longitude 78.2' W. that they were about to begin penetration of the main core of the storm. No furt,her report was ever received from this plane. Janet had become a very severe hurricane. In British Honduras 16 persons were killed and total damage is estimated at about $5,000,000. In Chetumal, a town of about 2,500 people, only 4 badly battered buildings were left standing. Sea water reached a height of 6% feet some 1,600 feet inland. The area is rather well protected from the Caribbean Sea by a sizable peninsula but there was one report of a hurricane wave south of Corozal.
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In Chetumal approximately 120 bodies were found in and about the ruins but the sea dragged away an unknown number. Altogether in the Mexican state of Quintana Roo, the death toll is estimated at about 500 with $40,-000,000 damage.
Fla.
Dispatch Superintendent, CIA, Mexicana de Aviation, Hurricane Janet passed into the Gulf of Campeche and moved inland between Veracruz and Nautla. The circulation aloft continued its westward movement across Mexico and a squally disturbed area developed off the west coast of Mexico under this circulation late on the first of October. Floods were already occurring in the Tampico area from the rains of Gladys and Hilda when the torrential rains of this hurricane were added. Little information is available on fatalities and damage which should be attributed to Janet in this area, but according to the Weather Bureau Office at New Orleans, the floods in the Tampico area from the tropical storms of 1955 were probably one of the greatest natural disasters ever to occur in that country. Tropical Storm of October iO"i4-A small vortex apparently developed in an easterly wave which passed through the Cape Verde islands on October 4. Katie became almost completely disorganized in crossing the high mountains of Hispaniola but briefly intensified to near hurricane intensity after passing out into the Atlantic. 
ANALYSIS OF RADAR REPORTS IN CONNIE, DIANE, AND IONE

RADAR OBSERVATIONS
A radar was installed at Hatteras, N. C., in July 1955, principally for the purpose of observing hurricanes as they passed northward either inland or out to sea on varying degrees of recurvature. A more fortunate and timely location could not have been selected since the three hurricanes which affected the United States coastline in 1955 passed within radar range of this station. Radar fixes and scope photographs for these hurricanes are to be published as a Weather Bureau Technical Paper to make them available for research and training purposes. In the meantime it seems appropriate to include in this annual review a brief analysis of the fixes for Connie and Diane. The fixes for Ione have already been analyzed by Jordan and Stowell [7] .
All radar fixes between Latitudes 32' and 3 6 O N. from the Hatteras station and the Navy and Air Force reconnaissance planes have been plotted for hurricanes Connie and Diane on figures 7 and 8. Hatteras radar fixes of the eye became reasonably accurate at a range of 140 nautical miles for Connie, 150 for Diane, and 160 for Ione.
Note the cyclonically curved movement of the apparent eye as indicated by aircraft radar from 0330 to 0500 EST and the two eye penetrations a t 0550 and 0800 EST From 1100 EST on the 9th to 1700 EST on the 11 th Connie moved at the rate of 5.7 m. p. h. After this time Connie began to accelerate but temporarily slowed aa the center approached and crossed the North Carolina coastline. The center curved to the left just a5 it crossed the coast and made one or more loops, remaining quasistationary west and north of Morehead City for about 3 hours.
Hurricane Diane's path was the most straightforward of the three as the storm passed through eastern North Carolina. However, one loop was indicated by radar about 19 nautical miles off the coast and another possible small loop west of Wilmington ( fig. 8 ). It will be noted that the eye remained in about the same position for 2% hours off the coast and then was reporbed 31 minutes later some 33 miles to the northwest. The Hatteras observer provided us with a description of the events taking place as seen on the radar from 0317 to 0517 EST on this date-table 1 . Some additional information ww supplied by the Air Force plane which was in the eye a t 0300 EST. It was dark, the plane was at 500 mb. and the observer reported: The combined plane and surface radar observations may be interpreted to mean there was a loosely defined squall eye 45 to 50 miles in diameter but the precipitation-, free eye and possibly the wind eye were smaller. The squall eye did not move northwestward in straightforward fashion but the long intense spiral band moved into the old, large, and indefinite center and a new eye developed in the tight curl southwest of Wilmington. It seems definite the movement of the squall or radar eye, or whatever the radar was following, was discontinuous but it is not certain whether or not the precipitation and wind eyes moved regularly. In order to check this explanation and to see what the eye looked like from the ground, additional data were requested from Wilmington. Mr. R. L. Frost, the Meteorologist in Charge, replied as follows:
It is the opinion here that the "eye" arrived at 5 a. m. There wm no marked change in the weather conditions. The sky remained overcast, the wind moderated but there was no period of calm. Evidently the hurricane was weakening and filling when it reached the coast here. It was hard to realize we were in the "eye", but from the barometric indications we must have been. The characteristic "hurricane eye weather" which we have read about in other hurricanes was missing in this storm. The lowest barometer reading was 29.13 inches a t 8:15 a. m.
From the Form WBAN 10A for Wilmington, the peak gust occurred at 0249 EST. This was the intense weather band north of the eye noted on some of the radar reports. The winds and heavy rain gradually subsided until 0504 EST when "very light rain" was recorded with the remarks, "barometer steady, apparently in eye of hurricane, wind variable 10 to 25 m. p. h., breaks in overcast". The station was in the radar eye; however, intermittent light to occasionally heavy showers which were apparently not observed on the radar scopes continued until 0833 EST. At the time the radar eye was closest to Wilmington (7 miles), a heavy shower was occurring at the weather station. Highest wind after the eye passage was 45 m. p. h. with only 0.02 inches of precipitation. The wind and precipitation eye, although indefinite, would appear to have been much smaller than the radar or squall eye. By no means can the complex and disorganized eye description given by radar and ground observers at this stage of Diane be considered characteristic of hurricanes in general.
The rate of movement of Diane as the storm approached 
